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Abstract 

We give explicit constructions of static, non-supersymmetric p-brane (for p < d — 4, where 
d is the space-time dimensionahty and including p = —1 or D-instanton) solutions of type 
II super gravities in diverse dimensions. A subclass of these are the static counterpart of the 
time dependent solutions obtained in [hep-th/0309202]. Depending on the forms of the non- 
extremality function G{r) defined in the text, we discuss various possible solutions and their 
region of validity. We show how one class of these solutions interpolate between the p-brane- anti 
p-brane solutions and the usual BPS p-brane solutions in d = 10, while the other class, although 
have BPS limits, do not have such an interpretation. We point out how the time dependent 
solutions mentioned above can be obtained by a Wick rotation of one class of these static 
solutions. We also discuss another type of solutions which might seem non-supersymmetric, but 
we show by a coordinate transformation that they are nothing but the near horizon limits of 
the various BPS p-branes already known. 
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1 Introduction 



Type II supergravities admit static, supersymmetric space-time geometries with isometries 
ISO(p, 1) X SO{d — p — 1) in d-dimensions known as BPS p-branes [1, 2]. If one wants to 
construct an analogous time-dcpcndcnt geometries with isometries ISO(p + 1) x SO{d — 
p — 2, 1), one finds that there are no real Euclidean p-brane (or S-brane) solutions in 
this case [3]. However, if we do not insist on supersymmetries, then there exist real 
solutions with metrics having the aforementioned isometries [3]. So, it would be natural 
to ask whether there is an analogous static, non-supersymmetric p-brane solutions with 
isometries ISO(p, 1) x SO{d — p — 1) in type II supergravities in arbitrary d space- 
time dimensions and we find the answer in the positive. These solutions are not of the 
type of black p-branes [1] which arc also non-supersymmetric but have isometries R x 
ISO(p) X SO{d — p — 1). We give explicit constructions of these solutions. Although a 
subclass of these solutions were previously known [4, 5, 6], in a different form, we give 
explicit constructions to facilitate our discussion on certain aspects of these solutions not 
considered before. 

We construct the solutions by solving the equations of motion of type II supergravities 
in d space-time dimensions containing a graviton, a dilaton and a {d — p — 3)-form gauge 
field. It is well-known that when the supersymmetry condition is imposed the equations 
of motion lead to the usual BPS p-brane solutions [1, 2, 7]. However, in analogy with 
the time-dependent solutions [3] we relax the supersymmetry condition by introducing a 
non-extremality function G{r) (defined below) and find a real magnetically (electrically) 
charged p-brane (for — 1 < p < 6) solutions which are characterized by three or less number 
of parameters. For the consistency of the equations of motion, we find that the non- 
extremality function can not be arbitrary and should take some specific forms. Demanding 
the asymptotic flatness of the metric we flnd that the non-extremality function G{r) can 
be of the forms Gip(r) = 1 T uj'^^''-~p~^^ / r'^^^~^~^\ where a; is a real integration constant. 
The upper sign leads to the three or two parameter static, non-supersymmetric p-brane 
solutions, whereas the lower sign leads to only two parameter solutions. Usually these 
solutions have singularities and we discuss the region of validity for these solutions. Since 
p = —1 or the case of D-instanton is quite different from the rest of the p-brane solutions we 
discuss it separately. Then we clarify the relations between the three parameter solutions 
and those obtained in [4]. Next we show that when the non-extremality function has 
the upper sign, the three parameter solutions nicely interpolate between the chargeless 
p-brane-anti p-brane system and the usual BPS p-branes by scaling the parameters of 
the solutions in two distinct ways for < p < 6 and in a unique way for p = — 1. 
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This does not happen for the solutions with the non-extremahty function having the 
lower sign. However, we find that even in this case it is possible to obtain the BPS 
solutions by appropriately scaling the parameters for < p < 6 but not for p = —1 or 
D-instanton. These solutions are not of the type of the usual BPS p-branes. It should 
be emphasized that here we consider these solutions as just the classical supergravity 
solutions and will not try to give any microscopic string interpretation. One such possible 
interpretation was given in [9] by considering these solutions (actually a subclass of these 
solutions (the three parameter solutions) with the non-extremality function having the 
upper sign) in o? = 10 as the coincident Dp-Dp branes and the three parameters of these 
solutions were argued to be related to the numbers N of Dp-branes, N of Dp-branes and 
the tachyon vev (T) of the brane-antibrane system. Recently we proposed [10] an exact 
relationships of the parameters of these solutions to the physically relevant parameters 
A^, N and T and have shown how these relations arc consistent with the right picture 
of tachyon condensation [11] on the brane-anti brane system. Time-dependent solutions 
can sometimes be obtained from the static solutions by applying Wick rotation. While it 
is known that the Wick rotations of the static BPS p-brane solutions do not lead to real 
time-dependent solutions, we show how a subclass of these non-sup ersymmetric solutions 
lead to the real time-dependent solutions obtained in [3]. Finally, we also discuss another 
type of solutions where wc do not demand the asymptotic flatness of the metric and take 
the non-extremality function to be of the form G{r) = u'^^'^^p^^^ / r'^('^^P^^\ Although 
these solutions apparently seem to be non-supersymmetric, but actually in d = 10 they 
can be shown by a coordinate transformation to be the near-horizon limits of various BPS 
p-branes we know [12, 13]. 

This paper is organized as follows. In section 2, we describe the construction of static, 
non-supersymmetric p-brane solutions in d-dimensional super gravities. Various aspects of 
these solutions are discussed in section 3. In section 4, we obtain another class of solutions 
which are shown to be the near horizon limits of various BPS p-branes by a coordinate 
transformation. Our conclusion is presented in section 5. 

2 General static, non-SUSY p-branes 

In this section we describe the construction of static, non-supersymmetric p-branes by 
solving the equations of motion of type II supergravities in d dimensions. The d-dimensional 
supergravity action containing a metric, a dilaton and a {q — 1) — {d — p — 3)-form gauge 
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field with dilaton coupfing a has the form, 



R - -d,m - i^e-^Fl^ 



(2.1) 



The above action is quite general and consists of the bosonic sector of (dimensionally 
reduced) string/ M theories. The equations of motion following from (2.1) are, 



1 e°'^ 
R,jiv - -d^(t)d^(t) - 



2{q-l)\ 



TP TP Oi2-aq _ 

^ ixa2...aq^ V 



q-\ 



1 



^(rf_2)M9]^/^- 



-g ■ - - ' 2-q\ 
We will solve the equations of motion with the following ansatz. 



(2.2) 

(2.3) 
(2.4) 



'[1] 



^ e^Mr) (^dr' + r'dnl_^_,) + e^^^^) {-dt' + dxl + --- + dxl) (2.5) 
= 6Vol(nrf_p_2) (2.6) 



In the above r 



X, 



P+i 



+ ■ ■ ■ + a^l-i)^''^, dQ'^_p_2 is the line element of a unit {d — 
p — 2) -dimensional sphere, Vol{Qd-p-2) is its volume-form and b is the magnetic charge 
parameter. The space-time in (2.5) has the isomctry SO{d — p — 1) x ISO(p, 1) and 
therefore the above represent a magnetically charged p-brane in d, dimensions. It is well 
known that the solution is supersymmetric saturating the BPS bound if the function A{r) 
and B{r) satisfy 

{p + l)B{r) + {q- l)A{r) = (2.7) 

Actually the condition of the preservation of some fraction of supersymmetries gets trans- 
lated to the above condition on the metric and was shown in [7] , with p + 1 — d and 
q — l = dm their notation. It is well-known that the solutions of the equations of motion 
with (2.5) - (2.7) lead to the usual BPS p-branes [1, 2, 7]. We will relax the condition 
(2.7) by 

(p + l)B{r) + {q- l)A{r) = In G{r) (2.8) 

As long as G{r) 7^ 1, we expect the solution to break all the space-time supersymmetries. 
However, we will give an example in the last section where G{r) ^ 1, still one can make 
a coordinate transformation and modify A{r) accordingly such that the relation (2.8) 
reduces to the form (2.7) and the supersymmetry will be restored. This does not happen 
for the solutions considered in this section. 
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The non-vanishing Ricci tensor components can be obtained from (2.5) as, 



Rr 





A" + - 


+ q 


r 



Rxx — ~Rtt — e 



2B-2A 



B" + {q-l)A'B' + {p+l)B'^ + q 



B' 



R. 



■ab 



A" +{q- 1)A'^ + (2g - 1)— + (p + 1)B'{A' + - 

r r 



(2.9) 
(2.10) 
gab (2.11) 



where a, h are the indices for the transverse spherical (angular) coordinates and Qab is 
the metric for the unit q = {d — p — 2)-dimensional sphere, x denotes the indices for the 
longitudinal directions. Also 'prime' here denotes the derivative with respect to r. With 
the ansatz (2.6), eq.(2.3) is automatically satisfied. We rewrite the other equations of 
motion (2.2) and (2.4) using (2.9) - (2.11) and (2.8) as follows, 

\ 2 



A" + — - — + 



a 



G p + 1 V G 



(g-l)^'l + (g - 1)^'^ ^ + ^A' 



B" ^^B'^^B' - 
r G 

A" + U' + %{A' + -) + 
r G r 



-- (2.12) 
-- (2.13) 
-- (2.14) 

Expressing eq.(2.14) in terms of i?(r) using (2.8) and substituting the equations of motion 
for B{r) (eq.(2.13)), we get an equation involving the function G{r) only as. 



b'{q-l) 


g2(p+l)S+a0 


2{d-2) 




h\q-l) 


^2{p+l)B+a<t> 


2{d-2) 


Q2^2q 


h\p+l) 


^2{p+l)B+a(p 


2{d-2) 


Q2j.2g 




g2(p+l)B+o</) 



(2.16) 



Assuming G{r) to go to unity asymptotically we find two solutions of the above equation 
as. 



GJr) = 1- 



2(9-1) 



^+^ = 1 + 



6^2(9-1) 



^2(q-l) ' - + y J ^2(q-l) 

where both uj and u are real. We factorize G-{r) and G+(r) as follows. 



(2.17) 



G_{r) - 1- 
GAr) = 1 + 



UJ 



2(9-1) 



7-2(9-1) 

r2(9-i) 



= 1 + 



UJ' 



9-1' 



1 + 



7-9-1 I 

iuj'i-^' 



7-9- 



- = H,{r)H,{r) 



j.q- 



1 - 



lUJ'i 



Ho(r)Ho(r) 



(2.18) 
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where Hi(r) = 1 + a;«-7r«-^ Hi(r) = 1 - a;«-7r«-^ H2(r) = 1 + iu'^-^/r'^'^ and 
H2{r) = 1 — ia;^~^/r*~^. We first solve the equations of motion with G^{r) having the 
form given in eq.(2.18). First using (2.13) and (2.15) we find 



r\ q-l , 



+ 



G[_ 



a{d-2) 
g-1 



B 



The solution to this equation takes the form 

a{d-2) 



—B + 6\nS^ 
1 H, 



(2.19) 



(2.20) 



where 5 is an arbitrary real constant. Now using (2.20) we express 



^2{p+l)B+a4 



'Hi 



aS 



(2.21) 



where X = 2(p + 1) + o?'{d - 2)/{q 
takes the form, 



b" + 1b' + ^b' 

(J — 



1) and the equation for the function B{r) in (2.13) 
62(g- l)e^^i/f-2 



= 



r U_ 2(d-2) r29^f+^ 
Following the arguments given in ref.[3], we make the following ansatz for S(r), 



/3- 



(2.22) 



(2.23) 



where Fi 



cosh^^(|^)"-sinh2^(|^) 



, with a, (3, 9 being some parameters and 7 is 
another parameter which will be determined shortly. Note that the ansatz (2.23) differs 
from the similar ansatz (3.18) of ref.[3] for the time-dependent case. The reason we have 
hyperbolic function here instead of trigonometric function is that there is a sign difference 
in the last term of (2.22) from the corresponding equation in the time-dependent case. 
This will prove to be crucial to recover the BPS p-brane solution in this case (this was 
not possible for the time-dependent case as there is no BPS S-brane solution in type II 
string theories) in the next section. Substituting (2.23) in (2.22) we obtain. 



7(g-l)a;'M(« + /3)'sinh' 2^ 
We thus obtain from here 



+ 



HfH-'^F^^ = (2.24) 



b 



-2, 



a — P 



2{d - 2) 



a5 



lA{q-l){d-2) 



X 



{a + p)uj'^-^smh29 



(2.25) 
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We have taken a + (3, b and ^ > without any loss of generality. Prom (2.25) we note 
that the parameter 7 gets fixed and among a, P, S only two are independent. However 
the consistency of the equations of motion (2.12) gives a relation between the parameter 
a and 5 as, 

1^2 ^ 2a{a - a5){d - 2) ^ q ^g) 



2" ■ x{q-i) q-i 

From (2.26) we can determine both a and (3 in terms of 6 as, 



XQ 



\2{d-2) ^\ d-2 



+ 



X<1 



\2{d-2) 4 



a5 
2 

xii - 1) _ 2^ _ ^ 
d-2 2 



(2.27) 



Note in the above that even though S is real, the parameters a and are not necessarily 
real. In fact depending on the value of S we have two cases. 



(z) \6\ < 



(n) \6\ > 



X<I 



{q-l){p+iy 
' XQ ~ 



then a, (3 are both real 



then a, j3 are both complex 



(2.28) 



For case (i) \5\ is bounded, on the other hand for case [ii) \5\ can be arbitrarily large. We 
thus obtain from (2.25) and (2.8) 



2B 



4(p+l) 



(2.29) 



and the complete non-supersymmetric, static, magnetically charged p-brane solutions as. 



4(p+l) 



ds' 



F^iHiHi)— (dr^ + r^dnl_^_^) + ^ {-d^ + dx? + • • • + dxfj 



_4a(d-21 / TT 

F[,] = 6Vol(Od_p_2) 



25 



(2.30) 



There are three independent paramaters 5, uj and 9 characterizing the solutions (for case 
{i) above, see the discussion below). These solutions have some similarities with the BPS 
p-brane solutions in d dimensions. In fact, if ifi, ^1 — > 1 and Fi — > the usual harmonic 
function, then these solutions indeed reduce to the magnetically charged BPS p-brane 
solutions. We will come back to it in more detail in the next section. 
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The solutions (2.30) represent the magnetically charged p-branes. The corresponding 
electrically charged branes can be obtained from these solutions by using the transforma- 
tion g^j,j, g^i,, (f) —(f) and F e"""'^ * F, where * denotes the Hodge dual. So, for the 
electrically charged solutions the field strength can be calculated from above as, 

F[,+2] = e"<^ * F[,] (2.31) 

where the dilaton is as given in eq.(2.30). The {p + l)-form gauge field can be calculated 
from (2.31) as. 



where. 



sinh e cosh 6 ]dtA---AdXp (2.32) 



(2.33) 




- m 

Note that as long as \5\ is bounded as (i) in (2.28), a and P are real and so, Fi given 
in (2.23) is also manifestly real and positive. But for case (ii) in (2.28) a and P are 
both complex and so, Fi is not manifestly real. In this case let us write a — ic + a5/2 

and P — ic — a6/2 where c = ^ x (^^fer^ ~ ~ 2{d-2) ^ positive^. Then we find 
from eq.(2.25) that since {a + P) — 2ic purely imaginary b will be real positive only for 
9 — —iO. It can be easily checked that Fi in this case will be real only for 6* = 7r/4 and 
takes the form, Fi = exp{a5tanh~^(w'?-Vr«-^)} cos (2ctanh"^(6u«-Vr^"^)). With this Fi 
the solution has the same form as in eq.(2.30). The gauge field in this case takes the form 
= tan (^2ctanh~^(c<;''~^/r'?~^)) dt/\- ■ -Adxp. Unlike in the previous case, the 

solutions now depend on two parameters cu and 5. These solutions are new and have not 
been considered before. They are quite unusual because of the presence of the periodic 
function and they are not well-defined everywhere in r and have possible singularities at 
2ctanh~''^(a;^'"-'^/r^'"^) = n7r-|-7r/2 with n an integer. These singularities are not enclosed by 
the corresponding event horizons, therefore naked. Our past experience [14, 15] tells that 
such singularities indicate the presence of an external source. We hope to understand the 
nature of the singularities and the associated issues better elsewhere. These solutions have 
actually very similar structure as the solutions obtained below with the non-extremality 
function G+(r) (whose singularity structure are discussed below eq.(2.41)) and so, we will 
not elaborate further on these solutions here. 



^One can show this, for example, by noting that = 4 — ^(p+JKg ^) for supergravities with maximal 
susy in diverse dimensions [2] 
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Having described the solutions with the non-extremahty function G-{r), we now dis- 
cuss the solutions with the other non-extremality function G+(r) given in (2.18). It is 
clear that by letting o;*"^ purely imaginary i.e. o;^"^ — > icD^"^, G-{r) — > G+{r). In other 
words the solutions with the non-extremality function 6*+ (r) can be obtained from those 
with G^{r) by substituting o;*"^ = iCj'^~^, where 10"^'^ is real. Now following the previous 
solution, we find from (2.20) that since the harmonic functions H2{r) and H2{i') are not 
real {hi{H2/ H2) = 2i tan~^(a;^~^/r*~^), (purely imaginary)), so for the dilaton to remain 
real 3 must be purely imaginary. Let us put 5 — —iS, where S is real. Then the dilaton 
is given as, 

6^— -B-i5\n^^— ^S + 2(5tan-^ (2.34) 

q-l H2 g-1 ^ ' 

Let us also put a = —ia and f3 = —if3, however, a and (3 are not real in general. If we 
substitute these in Fi given by (2.23) it becomes, 

Fi ^ F2 = cosh' ^g2atan-i ^ _ g.^j^2 ^g-2^tan-i ^ ^2.35) 

Now substituting = F^, in (2.22) we find for consistency 



a-(3^aS, b^]J— — ^^^^ '^\ a + (3)Cu''-' smh29 (2.36) 

Also, the consistency of equation of motion (2.12) yields a relation among the parameters 
as, 

1-2 , 2a{a - aS){d - 2) q 

Prom (2.37) we determine a and (3 in terms of 5 as, 

a5 ~ aS 

a ^ ic+—, p ^ IC- — 



with 



+^f x(g-l) _,A (2.38) 



\2{d-2) A \ d-2 



Note that c in the above is real. Thus we find that both a and P are complex. But 
a + P — 2ic is purely imaginary. Thus from the last relation of (2.36) we find that for 
b to remain real and positive 9 must be purely imaginary i.e. 9 — —i9, where 9 is real. 
Substituting this in F2 (eq.(2.35)) we find that F2 will remain real for 6* = 7r/4 only and 
in that csae F2 becomes, 

F2 = e"^*^""' cos ('2Stan-i (2.39) 
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The solutions in this case have precisely the same form as in eq.(2.30) with Fi replaced 
by F2 (given in eq.(2.39)) and Hi, Hi replaced by H2, H2 and 6 — —i6. The complete 
solutions with G+{r) as the non-extremality function therefore are, 



4(p+l) 



~,2(q-l) \ iTT 



ds' = F^'^- I 1 + ) ^ " {dr' + r'dnl_^_2) + F;^ (-df + dx? + • • • + dxj) 



7.2(9-1) 



,20 



8l(p+l) 

e ^ 



tan 



COS 2c tan 



-1 



j.q- 



4a(d-2) 
' (9-l)x 



For the electrical solutions, the gauge field can be obtained from (2.32) as. 



(2.40) 



A 



b+i] 



Aid -2) ( 1 
^ ^ tan 2ctan"^ 



\ X{q - 1) 



(it A ... A 



(2.41) 



Wc thus find that the solutions in this case are parameterized by only two parameters uj 
and 6. Note that the parameter 6 can be arbitrarily large as can be seen from eq.(2.38). 
This is important to obtain the BPS hmits of these solutions and will be discussed in 
section 3. It should be noted that for both G-(r) and G+(r) in eq.(2.8), the p-brane 
solutions we obtain are not regular for all r between and 00. In fact for G-{r) with the 
case (i) given in (2.28), the three parameter solutions are not well-defined between r — 
and r — cu and at r = 0, a; there are singularities. But for r > a;, the solutions are regular. 
By definition, we need in general Fi for G-(r) to be positive so that the corresponding 
configuration is well-defined^. This can be achieved in the above case if r > to. On the 
other hand for G-(r) with the case (ii) given in eq. (2.28), this is not enough because of 
the presence of the cosine function. We need in addition the range of vahdity for r to be 
outside of the following: 



An 



TT < 2ctanh ^ 



q-1 



< 



3 + An 



TT, for n = 0, 1, 2, . . . 



2 - r9-i - 2 

In other words the solutions for this case are well-defined if r satisfy the conditions 

,9-1 



(2.42) 



< 2ctanh 



-1 



j.q- 



< Tl/2 



3 + 4n 



TT < 2c tanh 



-1 



q-l 



j.q- 



< 



5 + An 



-TT, 



for n = 0,1,2,... 



(2.43) 



^There might exist some possibilities that this requirement can be relaxed. We will not discuss these 
in this paper. 
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Note that since c > and < tanh < oo as r > o;, we therefore have r > 

a;/[tanh(7r/4c)]^/(«-^) from the first equation of (2.43) and 

[tanh(^7r)]VM < < [tanh(^7r)]VM ^^"^^^ 

from the second equation. The above imphes that apart from the first case, the solutions 
are well-defined only in a finite region of r determined by c and integer n. For the case 
of G+{r) and to have a positive F2, we find, from eqs.(2.39) and (2.41), that r must he 
outside the region given by (2.42) but with ctanh"^ replaced by ctan~^ We 
have the similar replacement in eq. (2.43) for the present case. By the same reasoning 
as discussed in footnote 3, one can show now 2c > 1. Note also by definition < 
tan~^(a;^~^/r^~^) < 7r/2, since r > 0. The analogous equation of the first one in (2.43) in 
the present case gives r > a;/[tan {7r/Ac)Y^^'^~^^ and the remaining case is subtle and needs 
to be considered carefully as follows: (a) if (3 + 4n)/2c > 1, then no solutions are allowed 
since the lower bound already exceeds 7r/2; (b) if (3 + 4n)/2c < 1 but (5 + 4n)/2c > 1 
(i.e, c/2 — 3/4 > n > c/2 — 5/4), the allowed region of validity for r is Ci;/[tan(3 + 
4n)7r/(4c)]^/(''-^) >r> cu/[tan 7r/(4c)]^/(«"^); (c) if (5 + 4n)/(2c) < 1, the allowed region 
of validity is cj/[tan (3 + 4n)7r/(4c)]^/(«-^) > r > u;/[tan (5 + 4n)7r/(4c)]^/(«"^). For each of 
the cases discussed above, a possible singularity can occur on the border of the region of 
validity for r. These singularities are naked in nature and therefore indicate the presence 
of an external source as mentioned earlier. 

p = — 1-brane or D-instanton 

So far we have discussed various static, non-supersymmetric p-brane solutions in type 
11 supergravities which in principle include p = —1 case. However, since the solutions are 
different in some respects we discuss this case separately. First, we note from the condition 
(2.5) that in this case there is no B{r) in the metric. Also, since q = d — p — 2 = d— 1, 
so, from (2.8) we have 

A{r) = ^lnG{r) (2.45) 
where as before G{r) can take two forms 



~,2((i-2) / jr,d-2\ ( 4r,d-2\ 

G^ir) = l + ^=[l + ^)[l-^)= H,ir)Mr) (2.46) 

The above form of A{r) is consistent with the equations of motion (2.14). The equation 
of motion (2.13) is absent and we rewrite the other two equations of motion (2.15) and 
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(2.12) with p = -1, 5 = d - 2 as, 



^2 ^a4 



(p + -(p +—0 — „^ 

r G 2 GV2(<^-i) 



A' 



1 ,o 6^ e"-^ 



= 
= 



(2.47) 
(2.48) 



As before the equation (2.47) can be solved for the non-extremahty function G-(r) with 
an ansatz for e'^ as, 

e"^ = (2.49) 



with 



Fi 



cosh2^f|lj -sinh^^^l^ 



,d-2 



d-2 



(2.50) 



where a, j3 and are constant parameters. The parameter v can be determined by 
substituting the above in (2.47) and we get. 



2 An 
— , q; = /3, and h ^ —{d - %\^\i2Q 
a a 



(2.51) 



Also, (2.48) determines the value of a as. 



a — a. 



id -I) 



\ 2(d-2) 

So, the full non-supersymmetric D-instanton solution has the form, 

ds^ = (h,H,)^' [dr^ + r^dQl_,] 



(2.52) 



cosh^^l^-^j -sinh^^l^^ 



F[,_i] = 6Vol(Qd-i) 
The scalar field for the corresponding electrically charged solution has the form 

Air 



— sinh 9 cosh 9 
a \Fi 



(2.53) 



(2.54) 



where Ci = (^^j — (^-^j . Note here that the scalar A[o] is purely imaginary because 
we have used the same definition of Hodge duality as was used for the other p-brane 
solutions in (2.31). However, since for the instanton solution we need to go to Euchdean 
coordinate or equivalently change the scalar A[o] = iA[o] [16] (this changes the sign on the 
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kinetic energy term of the scalar) and so for the instanton solution the scalar will take 
the form, 



HO] 



sinh 9 cosh 9 



9i 



(2.55) 



The eqs.(2.53), (2.55) represent the D-instanton solution for the non-extremality function 
G-{r). Note that here the solution is charaterized by two parameters uj and 9 in contrast 
to the three parameters for other values of p. Also since here a in (2.51) is real there is no 
solution analogous to the two parameter solution with G'_(r) for the case of D-instanton. 
Now as before we will obtain the solution with the non-extremality function G+(r) by 
substituting in (2.53) and (2.55) the following 

u'^-^ ^cD'^-^ Hi, Hi H2, H2, 9^-i9 = -in/A (2.56) 

then the solutions take the forms, 



2 

d-2 



,20 



1 + 



^2(d-2) 



(dr' + r'dQU) 



~,d-2 ' 



COS ^2q; tan 



UJ 



rd—2 



and for the electrically charged solution 



~d-2 ' 



MO] 



- tan 2a tan 
a \ 



UJ 



rd—2 



(2.57) 



(2.58) 



The singularity structures of the D-instanton solutions remain exactly the same as we have 
discussed earlier for other p-branes with c replaced by a and so we will not repeat it here. 
We just mention that in d = 10 and for the usual dilaton coupling a=(p — 3)/2 = — 2, 
the instanton solution (2.57) and (2.58) is not well-defined as r ^ (given our previous 
discussion for p 7^ —1, we know that r cannot be allowed to approach zero). A general non- 
supersymmetric D-instanton solution carrying electric charges of an SL(2,R) symmetry 
has been given recently in [18]. The singularity structure of these solutions and how to 
resolve them in some cases have been discussed there. In the next section, we will see, 
among other things, how BPS p-branes can be recovered from these non-supersymmetric 
p-branes by scaling the parameters in appropriate ways. 



3 Discussion on some aspects of the solutions 

In this section we will mainly discuss two aspects of the solutions obtained in the previous 
section, namely, how a subclass of the solutions can be regarded as the interpolating 
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solutions between the chargeless p-brane-anti p-brane system and the usual BPS p-branes^ 
and then we point out how the Wick rotation of these solutions lead to the time-dependent 
solutions of ref . [3] . But before that we clarify the relations between the solutions obtained 
in section 2 and those given in ref. [4] . 

The solutions obtained by Zhou and Zhu in [4] are the generahzed black p-branes in 
d dimensions and is given in eqs.(112) - (124) of their paper. The non-supersymmetric 
p-brane solutions in this paper correspond to C2 = of ref. [4]. Also we note that we 
should make the following identifications to compare the two solutions, 

D = d, d = p + l, d = q — l, 

A _ (?-l)X 



d-2 



ro = uj (3.1) 



where in the above we have kept the symbols used by Zhou and Zhu on the left hand side 
and the symbols used in section 2 on the right. With these identifications, we find 

MO =ln|i|i, e(r) =ln//i(r)^i(r) =lnG_(r) (3.2) 
We therefore have, 

cosh{kh{r)) + C3 sinhCkhir)) = ^(ca + 1) ^ - ^(^3 - 1) (|^) (3.3) 

Using these relations we simplify the metric and the prefactors multiplying the longitu- 
dinal as well as the transverse parts of the brane from eqs.(120) and (121) of ref. [4] and 
identify with F^*^"" and (1^1^1)2/(9-1) respectively We thus obtain. 

Comparing with the form of Fi in eq.(2.23), the parameters in the two solutions can be 
related as, 

C3 = cosh 29 
ci — 5 

~k = ~ia + f3) (3.5) 

^In the context of open string tachyon condensation the non-BPS l)-brane on the tachyonic kink 
goes over to a configuration which can be identified as BPS p-brane [8]. So, the case we are discussing 
here is not quite the same. However, the above process can be understood from a delocaUzed, non- 
supersymmetric p-brane solution and will be discussed elsewhere [17]. 
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With (3.5), the parameter relation given in (117), (118) of ref.[4] reduce to eq.(2.26) i.e., 

_4P^ , g-'cj 2{d+l) 1 , 2a{a-a6){d-2) _ q 

A A d 2 x(? - 1) g - 1 ^ ' ^ 

We have thus clarified the relation of the solutions obtained in ref.[4] with the non- 
supersymmetric p-brane solutions we have obtained in eqs.(2.30), (2.32). We would like 
to point out that since ref. [4] contains only the three parameter solutions, wc have clarified 
their relations with the three parameter solutions wc have obtaned in section 2 with G-{r) 
as the non-extremality function. Also the D-instanton solution was not given in [4]. 

Let us now discuss how we can regard the solutions (2.30), (2.32) as interpolating so- 
lutions between the chargelcss Dp-anti Dp system and the usual BPS Dp-branes. We will 
also discuss a similar interpretation as interpolating solution for the case of D-instanton 
solution (2.53), (2.55)^. Note that like the chargeless Dp-antiDp system non-BPS Dp- 
branes also have net RR charge zero. The reason is the non-BPS Dp-brancs of even (odd) 
dimensionalities exist in type IIB (IIA) superstring theory as opposed to their BPS coun- 
terpart of odd (even) dimensionalities in the same theory [8]. However, we know that type 
llA (IIB) string theory contains odd (even) form RR gauge fields and the D-branes are 
charged under these gauge fields. Since a Dp-brane couples to a (p -|- l)-form gauge field, 
the charged Dp-branes in type IIA (IIB) theory must be of even (odd) dimensionality. 
However, since the non-BPS Dp-branes are of opposite i.e. odd (even) dimensionalities in 
IIA (IIB) theories, they must be chargeless. So, what we want to emphasize here is that 
from an isolated supergravity solution it is not possible to distinguish a non-BPS Dp-brane 
from a Dp-antiDp system of zero RR charge [9, 19]. But since the general solutions (2.30), 
(2.32) interpolate (as we will show) between two solutions belonging to the same theory, 
so, if one solution is the BPS Dp-brane, the other one can not be non-BPS Dp-brane 
(since they do not belong to the same theory) and has to be coincident Dp-antiDp-brane 
system with zero net charge. 

We note from the solutions (2.30) that F[^] = imphes b — 0. Also from the third 
relation of (2.25) we find b — implies ^ = 0. Therefore the function Fi in (2.23) reduces 
to 

(3.7) 




The complete brane-anti brane solutions can then be seen from (2.30), (2.32) to take the 

^Notc that this interpretation holds only for the three parameter solutions with the non-extremality 
function G_ (r) and not for the two parameter solution with G_ (r) and also for G+ (r) (even though there 
exist BPS limits in these cases) and will be mentioned later. 
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forms, 



4(p+l) _4 
/ -'-'1 \ / 7 2 , 2 7<->2 \ , / -'-'1 \ 



= 0, ^ip+i, = (3.8) 

where the parameters a and 6 are related by the first relation of eq.(2.27). These solutions 
are now characterized by two parameters u and 6 and in analogy with the arguments given 
in refs.[9, 10], the parameters would presumably be related to the mass and the tachyon 
vev of the underlying unstable brane-anti brane system. In d = 10, x = 32/(7 — p), 
a — {p — 3)/2, the solutions (3.8) simplify to, 

(p+l) ^ 



- itll\ 



\HiJ 

F[8_p] = 0, = (3.9) 

with. 



This is exactly the same supergravity solutions obtained in refs.[9, 19] even though our 
interpretation here is different. For the case of D-instanton solution the corresponding 
brane-anti brane solution can be obtained by setting as before 6 = ^ = in (2.53), (2.55) 
and the solutions take the form, 

ds^ = (h^H^)^' (dr'' + r''dnl_^) 

- - m " 

= 0, A^o]=0 (3.11) 



where a — a ^J{d-l)/[2{d-2)]. In d = 10, they have the forms 

ds'^{H,H,f'(dr' + r'dnl), e^"^ = (|^) , ^[9] = 0, ^o] = (3.12) 
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where Hi — 1 + a;^/r^, Hi — 1 — /r^. We would like to point out that for the solutions 
with Gj^{r) as the non-extremality function, there are no non-trivial chargeless solutions. 
This is because in this case ^ = 7r/4 as we noted before and so, for the charge to vanish Co 
has to vanish for all p from —1 to 6 (see eq.(2.36)). So, the chargeless sloution in this case 
is trivial i.e. the fiat space. (This conclusion also holds for the two parameter solutions 
with G-(r) as the non-extremality function.) 

Now we will see how BPS p-branes can be obtained from the same solutions (2.30), 
(2.32). We first note from the third relation in (2.25) that if {a + /3)a;«-^ ecD"-'^ and 
sinh2^ — > e~^, where {a + (3) — finite, e is a dimensionless parameter with e ^ and 
(D*~^ = ■^jj^^^z^, then this relation reduces to the usual mass-charge relation of the 
magnetically charged BPS p-branes in d dimensions. (Note that b — fixed in this case.) 
Now it is clear that since uj'^~^ — > eQ'^^^ jia. -|- /3), both Hi{r) and Hiir) 1. On the 
other hand we find from (2.23) 

Fi = cosh^e(^|iy-sinh^^(^|l^'' 

^ ^ [(a + /3) cosh 2^ + (a - /?)] o;''"^ 



j.q- 



-1 



^ 1 + -^ = Hiir) (3.13) 

Note here that the parameters a, /3 (or 5) remain arbitrary but they do not appear in the 
solutions. In these limits the gauge field in (2.32) reduces to 



Ar„+ii = , — % f 1 - H7^\ dtAdxiA---A dxp (3.14) 
^ X(9- 1) ^ ^ 

We thus recover the BPS p-brane solutions in d dimensions from the solutions (2.30), 
(2.32) in the hmit 

sinh2^ ^ e"^ (3.15) 

with e — > and {a + P) — finite. In d = 10, x = 32/(7 — p) and using the above relations, 
the solutions (2.30), (2.32) take the forms, 

ds^ = Hi « (dr^ + r^dnl_p) + Hi ' [-df + dxl + --- + dx^) 

3-p 

= h;^ 

F[8_p] = 6Vol(Q8-p) (3.16) 
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for the magnetic brane and for the electric brane, 

= (l - H{\r)^ dtAdxiA--- A dxp (3.17) 

These are precisely the BPS magnetic and electric p-brane solutions in d — 10. 

In deriving the BPS p-branes from the non-supersymmetric p-branes, we have taken 
the limits (3.15), where we also kept a + P — finite. However, we can also recover the 
BPS p-branes by taking another limit as, 

a + P 

sinh2^ ^ e-^ (3.18) 

where u is as defined before. We note that even in this case HAr) 1 and Hi(r) 1 and 



Fi^ Hi{r) = 1 + ^ as before and A^p+i] ]/^^) " ^r^(^)) dt Adx^A- ■ ■ Adxp ^ 
{l — Hi^{r)^ dtAdxi A ■ ■ ■ Adxp ind— 10. But unhke in the previous case where a, (3 (or 



5) remains arbitrary, here they scale. Since a -\- (3 — —2k — 2^ 2{d-2) ~ T (^fc^ ^ ^"^ 
so, a + /? — > e^/^ implies 



(g-l)(p+l) 



^^^-2) (3.19) 



4[xg(g- 1)(P+1)]^ 



Ind— 10, this limit has been taken in ref.[9] to recover BPS Dp-branes from the solutions 
given in [4]^. 

For the case of D-instanton solution (2.53), (2.55) a hmit similar to (3.15) can be 
taken. However, since for this case a is fixed, there is no limit similar to (3.18). So, for 
< p < 6, there are two distinct ways in which BPS p-brane solutions can be recovered 
by scaling the parameters of the non-supersymmetric p-brane solutions, but for p = —1 or 
for D-instanton there is only one way the BPS solution can be recovered. Let us indicate 
how this is done for p = — 1 case. We note from the expression of Fi in (2.50) that with 
the following scahng of the parameters, 

2au:''-'' ^ tu"-^ 
sinh^ ^ e"^ (3.20) 



^Note here that the BPS hmits we have discussed hold only for the solution when \6\ is bounded by 
case (i) of (2.28). However, for case {ii) there is also a BPS limit analogous to eq.(3.23) given below and 
the BPS solution in this case take the forms very similar to eq.(3.25). So, we do not elaborate the BPS 
limits in this case whose meanings are also not clear to us. 
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where e — > 0, Fi reduces to, 

^1-^1-1 + ^ (3.21) 
Then the solutions (2.53), (2.55) reduce to 



F^a-i] = &Vol(0,_i), A^o] = -{l-H{') (3.22) 

In d = 10 and a — —2, this is precisely the D-instanton solution obtained in ref.[16]. This 
is a regular solution where the metric has the wormhole geometry in the string frame. 

We have therefore shown how the non-supersymmetric p-brane solutions (2.30), (2.32) 
and (2.53), (2.55) can be regarded as interpolating solutions from brane-anti brane so- 
lutions (for ^ — > 0) to BPS p-branes (for ^ — > oo and keeping b fixed). For the case of 
< p < 6, the BPS solutions were obtained in two different ways whereas for p = —1 it 
was obtained in only one way. We would also like to point out that in recovering BPS 
p-brane solutions sinh2^ has to go to infinity and this is not possible for trigonometric 
function which appears in the case of corresponding time-dependent solutions. This is 
consistent with the fact that for time-dependent case there are no real BPS solutions in 
type II supergravities. 

For the solutions (2.40) with G+{r) as the non-extremahty function we mentioned 
before that there is no non-trivial chargeless solutions analogous to brane-anti brane 
systems in this case. However, it is possible to obatin BPS solutions by scaling the 
parameters in appropriate ways. Let us indicate how this can be done from (2.40). We 
scale the parameters as follows, 

S (3.23) 

where e is a dimensionless parameter with e — > and uj^~^ — fixed. Note that with this 
scahng G+{r) — > 1 and the condition (2.8) reduces to the supersymmetry condition. The 
function F2 in (2.39) takes the form, 

F2 ^ F2 = e"7i^ cos ( 2c-^ J (3.24) 



where c = ■\J ^~2{d-2) ^- clear that since F2 contains a periodic function of r, it can 
not be reduced to the usual harmonic function of a BPS p-brane. The complete BPS 
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solutions in this case have the forms, 



4(P+1) 



ds" = (dr^ + r^dnl_p_2) + F2 {-dt^ + dxl + --- + dxl) 



_„_1 4a(d-2) 



F[,i = bVol{nd-p-2) (3.25) 
for the magnetically charged solutions and for the electrical solutions we have 



A(d-2) f cj«-i\ 
. -) -(tan 2c 3.26 



These BPS solutions are not of the usual BPS p-brane type as they involve periodic 
functions. Like the solutions (2.40) these are also not well-defined for all r between 
and 00. In fact these solutions are well-defined inside the range of r given by r > 
tD/[7r/4c]V(9-i) or by 

^ <r< — —, for n = 0,1,2,... (3.27) 



and r = is excluded and there are singularities at 



a;/[7r/4c]V(^-i), ^ (3.28) 



So, wc mention that although the solutions (2.40) have BPS limits, these are quite unusual 
and therefore, (2.40) can not be interpreted as interpolating solutions of p-brane-anti p- 
brane systems and the usual BPS p-branes as for the three parameter solutions with 
G_(r). 

Next we show how by a Wick rotation on the static non-supersymmetric p-brane 
solutions given in (2.30), (2.32) we get the time- dependent solutions or space-hke p-branes 
[20, 21, 22, 23, 24] (or Sp-branes) obtained in [3]. Usually the Wick rotations on the BPS 
p-branes do not lead to real solutions, however, in this case we get real solutions. Let us 
consider the solutions (2.30), (2.32) and apply the following Wick rotation, 

r — > 

t ixp+i (3.29) 

along with uj — > iuj. We also write, 

dnl_p_, = + sin^ ^dQl_p_, (3.30) 
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and make the Wick rotation — > Under this change (3.29) reduces to, 

= + sin^ Vcin2_^_3 ^ - sinh^ V'o?02_^_3 = (3-31) 

where dHj_p_2 is the hne element for the {d — p — 2)-dimensional hyperbohc space. By 
further changing 9 —>■ iO, we find that since 

^ ' j<q—l 

- co.«(||)%W.(||)^ ^ ,3.32) 

the metric and the dilaton in (2.30) changes to, 

^ Fi(r)^^(i7i(r)iJi(r))i^ (rfr^ + r2rffi^_p„2) + Fi(r)"x (^-rft^ ^ . . . ^ ^^,2 



4(p+l) 

{Hi{t)Hi{t) 



F,{t)T^{Hi{t)H,{t))—^ (-de + t'dHl_^_2) + Fi(t)-x (dx^ + . . . + dxj+i) 

(3.33) 



o . 4a(d-2) / _f/", {r) \ 4a(d-2) / HT(t) 

Now in order to see how F[q] changes we first note that 

Vol(Qd_p_2) = (sinV')'^-^-^#A--- 

^ {-i)'i-P-^{smh^f-P-^djPA--- 

= (_i)^-f-2vol(//,_p_2) (3.34) 

where Vol(i^(i_p_2) is the volume-form of the hyperbolic space. It is clear from (3.33) that 
in order to get a real solution b must change as 6 ^ (i)'^~^~^6 and F[g] then changes to 

F[,] = bVol{na-p-2) ^ 6Vol(i/d_j,_2) (3.35) 

It can be easily checked that the parameter relation changes as. 



(3.36) 
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With these changes the gauge field (2.32) changes to 



4{d-2) 



sin 9 cos 9 



dxi A • • • A dxp^i 



(3.37) 



\xiq-l) 

upto an overall sign. Eqs.(3.32), (3.34) - (3.36) are precisely the form of the time depen- 
dent solutions we obtained in [3]. 

Let us now look at the D-instanton solution (2.53) and (2.54)* with G-{r) as the 
non-extremality function. By using the same trick as applied for other p-branes, we here 
obtain the corresponding time-dependent solution or S(— l)-brane solution as, 



ds' 



1 - 



COS^^ 




Hi{t)V 



F. 



[d-i] 



bYo\{Ha-i), 



+ sin^ 9 



- sin 9 cos 9 
a 



'CM 



(3.38) 



In d = 10 this is precisely the S(— l)-brane solution obtained in rcf.[22]. It can be easily 
checked that for the p-brane solutions, eqs.(2.40), (2.41) including the D-instanton so- 
lution, cqs.(2.57), (2.58) with G+(r) as the non-cxtremality function, there are no real 
timc-dcpcndcnt solutions which can be obtained by Wick rotation. The reason is, in this 
case as wc make the Wick rotation r it and uj — > iuj, we note from (2.36) that b can not 
remain real, since 9 = —i9 = —in/ 4 and a + f3 = 2ic, where c is real. Similar argument 
holds also for the two parameter solutions with G-{r) as the non-extremality function. 
Thus we can not get real time dependent solutions by Wick rotation in these cases and 
this is consistent with the observation made in ref.[3]. 



4 Another class of solutions 

In this section wc will discuss a different class of solutions of the equations of motion than 

those discussed in section 2. Here also we relax the supersymmetry condition and the 

function A{r) and B{r) appearing in the metric will be taken to satisfy (2.8). However, 

we will see that the solutions in this case can be reduced to supersymmetric solutions by 

a coordinate transformation. We will recognize the solutions to be the near horizon limits 

of the various BPS p-branes in d— 10. 

^The reason we are using (2.54) as the solution for the scalar instead of (2.55) is that for the case of 
S(— l)-brane we do not need to go to the Euclidean coordinate as for the D(— l)-brane solution. 
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We have seen in section 2 that the equations of motion dictate that the function 
G{r) defined in (2.8) must satisfy eq.(2.16). If we do not insist that G{r) goes to unity 
asymptotically then the solution for G{r) can take the form, 

Gir) = ^ = Hirr (4.1) 

where H{r) = uj'^^^ / r'^^^ is a harmonic function in the {q + l)-dimensional transverse 
space. Now comparing eqs.(2.13) and (2.15) we find, 

*=^^ (4.2) 

Let us now make an ansatz for B as 

B{r) ^ a\nH{r) (4.3) 

where a is a parameter to be determined from the equations of motion. Now substituting 
(4.2) and (4.3) into the equation for the function B in (2.13), we find that the equation 
simplifies to, 

a(Q - DuJ^^"-^^ = - - (4 4) 

^ 2(d - 2) r("x-2)(9-i) ^^-^^ 

This equation can be solved if ax — 2 and the solution is 



(4.5) 



^4(g-l)(d-2) 



We note that this is exactly the form of u for the BPS Dp brane solutions we have defined 
earlier i.e., uj = ui. It can be easily checked that the Rrr equation (2.12) is automatically 
satisfied with this solution. We thus find^, 

e^^ = i/-Ti^+5^ (4.6) 
The complete solution therefore takes the form, 

4(p+l) 



^ H-T^+—^ (dr^ + r^dnl_^_^) + Hx [-de + dxl + --- + dxfj 
F[,] = 6Vol(nd_p_2) (4.7) 



^We point out that the corresponding time-dependent solutions given in [3] has some typographical 
errors in eqs.(4.5) - (4.7). We here correct them by comparing with eqs.(4.6) and (4.7) given below. 
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and for the electric brane 



4:{d - 2) 



Hdt A dxi A ... A dxp 



(4.8) 



One might be tempted to think that the solutions (4.7), (4.8) are non-supersymmetric as 
the functions A{r) and B{r) appearing in the metric do not satisfy the supersymmetry 
condition (2.7) rather they satify (2.8) where G{r) = (7^^) • However, we show that by 
a coordinate transformation, the configurations given in (4.7) and (4.8) can be cast into 
the form of the near-horizon limits of various Dp-branes confirming that the solutions are 
indeed supersymmetric. We will mention also what happens to the condition (2.8) under 
this coordinate transformation. Let us write the configurations (4.7) and (4.8) as, 



ds^ = 



4(p+l) ^4 



4a(d-2) 



4(';-l) 

X 



— (cir^ + r'^dQl_p_2) + ( - ) {-dt'^ + dxl + --- + rfxj) 



= b Vol(nd_p_2), : 
Now let us make a coordinate transformation 



-, — -rdt A dxi A ... A dx„ 

(q-l) f 



\{q- i)x 



r — 



Then we find 



and we can rewrite (4.9) as, 

ds'^ = H{z)^^ (dz^ + z'^dfll_p_^) + H{z)-x (^-de + dxi + 



(4.9) 

(4.10) 
(4.11) 



4a(d-2) 



= 6 Vol(Q<i_^_2), 



Aid - 2) - , , , , 
, -^H(z)~^dt A . . . Adxp 

\ [Q-VX 



(4.12) 



where H(z) — is the z ^ limit of the harmonic function we defined in section 3. 
We recognize [12, 13] (4.12) in d = 10 as the near-horizon limits of the BPS Dp-branes 
and so the solutions (4.12) arc indeed supersymmetric. A similar solution can also be 
found for the case of D-instanton. As before there is no B{r) in the metric and A[r) 
would be given as. 



A{r) 



d-2 



InG'(r) 



(4.13) 
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where 

G(r) = -^ = H\r) (4.14) 

Now using the ansatz, 

= {H{r)y (4.15) 

in eqs.(2.47) and (2.48) we obtain, 

u=-, b = -{d - 2)00'^-^ (4.16) 
Qj a 

The D-instanton solution therefore takes the form, 



F[,_i] = bVol{Qd-i), A[o] = -H{r) (4.17) 

a 

Again by making a coordinate transformation (4.10) we can rewrite the above configura- 
tion as, 

ds^ = (dz^ + z^dnl_,) 

F[,_i] = 6Vol(l],_i), A^o] = -H{z)-^ (4.18) 

a 

where H — (Jj^"'^ j z^~'^ with uj — Cj and is the 2; — > hmit of the usual harmonic function. 
Eq.(4.18) is precisely the near horizon limit of the BPS D(— l)-brane solution m. d— 10. 
We can also obtain the corresponding time-dependent solutions obtained in [3] by the 
Wick rotation discussed earher. 

Let us now try to understand what happens to the condition (2.8), i.e., (p-|- l)S(r) + 
(5 — \)A{r) = InG(r). Actually, when we make a change of variable from r — > 2;, InG(r) 
gets absorbed into the function A{r) i.e., 

A{z) = -A{r) + In G{r) (4.19) 

where e^^^^ is the factor multiplying the transverse part of the brane i.e., {dz"^ + z"^ dVl?^_^_2) . 
Thus in terms of z-coordinate the relation (2.8) reduces to (2.7) i.e., supersymmetric 
condition. In other words, 

(p + l)B{r) + {q- l)A{r) = In G{r) (p + l)B{z) + {q - l)A{z) = (4.20) 
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This happens only for this particular form of the harmonic function H{r) — and 
G{r) — H{ry. Thus we clarify the reason why starting from the non-supersymmetric 
gauge condition (2.8) we end up with supersymmetric solutions. Note that a similar 
solution in [3] for the time-dependent case were inappropriately called as the non-BPS 
Ep-branes in type II* string theories [25]. But by a similar argument as presented here, 
those solutions should be the near horizon limits of Ep-branes in type II* string theories 
and they are supersymmetric. 

5 Conclusion 

In this paper we have constructed and discussed various aspects of the static, non- 
supersymmetric p-brane (for —1 < p < 6) solutions of type II supergravities in diverse 
dimensions. We have solved the equations of motion of the relevant supergravity action by 
relaxing the supersymmetry (or extremality) condition by introducing a non-extremality 
function. Equations of motion dictate the three specific forms of the non-extremality 
function and hence the three specific classes of non-supersymmetric p-brane solutions. 
We have explicitly constructed all three classes of solutions. First two classes where the 
solutions are asymptotically flat arc discussed in section 2, whereas the last class where 
the solutions are not asymptotically fiat is discussed in section 4. We have also discussed 
the singularity structure and the region of validity of these solutions. Only one class 
of solutions discussed in section 2 were known before [4, 5] in a different form and we 
have clarified the relations of these solutions to those obtained here in section 2. As 
p = — 1 or D-instanton solution is different from the other p-brane solutions, it is treated 
separately. Then we have discussed how a subclass of these solutions (with G-{r) as 
the non-extremality function) can be interpreted as the interpolating solutions between 
the p-brane-anti p-brane system and the usual BPS p-branes. In order to obtain BPS 
p-branes the parameters of the non-supersymmetric solutions were scaled in two different 
ways for < p < 6 and a unique way for p = —1. Then we also obtained BPS limits of 
the solutions with G+(r) as the non-extremality function. These give some unusual BPS 
brane solutions. We have also shown how the real time-dependent solutions or Sp-brane 
solutions (including S(— l)-brane) can be obtained from our static solutions by a Wick 
rotation. We have seen that this happens only for one class of solutions in section 2, 
but for the other class Wick rotation does not give real time-dependent solutions. For 
the third class of solutions, we found that although apparently the solutions are non- 
supersymmetric, however, by a coordinate transformation we have seen that they are 
nothing but the near-horizon limits of various BPS p-branes already known. We have 
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given reasons why this happens for this particular class of solutions. Finally, we point out 
that the solutions we constructed in this paper have singularities. It would be interesting 
to understand the nature of the singularities and the ways, if at all possible, to resolve 
them. 
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